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ABSTRACT 


Rates of height, basal area, volume, and bole area growth of thinned ponderosa 
pine were increased more than 50 percent by applications of nitrogren, phosphorus, 


and sulfur during the first 5-year period after application. 


Height growth was not 


related to stand density, but rates of volume and bole area growth were definitely 
correlated with basal area at the start of treatment. 
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INTRODUCTION 


How fast will thinned ponderosa pine 
(Pinus ponderosa) stands grow when 
fertilized repeatedly? This question 
becomes increasingly important as the 
land base available for intensive timber 
management continues to shrink while 
rising energy costs escalate prices of 
fertilization and other stand treat- 
ments. Both thinning and fertilization 
can substantially increase growth of 
remaining trees in the stand (Barrett 
1973, Cochran 1978). Fertilization 
without thinning is not recommended 
Since much of the increased growth may 
be by trees that will never reach mar- 
ketable size. Response to fertilization 
lasts at least 4 years and possibly more 


than 8 years on some sites (Cochran 1977). 


To attempt to improve growth, I applied 
moderate amounts of fertilizer at 5-year 
intervals to plots in a ponderosa pine 
stand that had been precommercially 
thinned. The stand is representative 


Fertilizer response (forest tree), increment (volume), increment (height), 
ponderosa pine, Pinus ponderosa. 


of large areas on the Deschutes National 
Forest in central Oregon. This note 
compares growth rates of the fertilized 
and unfertilized treatments for the 
first 5-year period after initial ap- 
plication. 


METHODS OF STUDY 


Study Area 


The study area is located approxi- 
mately 20 miles south of Bend, Oregon. 
Elevations range from 4,400 to 4,600 
feet. Summers are very dry, and annual 
precipitation is approximately 24 inches. 
Topography of the area is gently sloping 
(2 to 7 percent), mostly to the west. 

The soil (Shanahan series) is a Typic 
Cryandept developing on Mazama pumice 
and ash. The A1 horizon is 2 inches 


For metric equivalents, see page 8. 


2ror chemical and physical properties of some 
Shanahan soils, see Cochran (1973, 1977). 


thick, and the AC horizon overlies an 
older, buried sandy loam at 26 to 32 
inches. The predominant understory 

shrub is bitterbrush (Purshia tridentata), 
but some manzanita (Aretostaphylos 
patula) and snowbrush (Ceanothus 
velutinus) shrubs are present. Fescue 
(Festuca idahoensts) and needlegrass 

( Ztpa oeetdentalts) are the predominant 
grasses. 

The area was railroad logged in the 
1920's, and the present stand had an 
average breast-high age of 34 years in 
1974. Site index varies from 84 to 108 
feet over the study site (Barrett 1978). 
The stand was thinned to an average 
spacing of about 17 feet (151 trees/acre) 
in 1972, and the slash was tomahawked 
in the late summer and fall of 1973.3 
The slash treatment reduced the under- 
story vegetation to less than 5-percent 
cover. 


Design and Installation 


A completely randomized design with 
two treatments (control and fertil- 
ization) was installed. Twenty-four 
0.2-acre plots with 33-foot buffer 
strips were established in the fall of 
1973. Additional thinning was doné on 
some of the plots and their buffer 
strips to provide a wider range in stand 
densities than normally found after 
precommercial thinning. Trees were 
tagged, d.b.h.'s were measured, and the 
basal areas were calculated for each 
plot. Twelve plots were randomly chosen 
for fertilization. Just before snowfall 
in 1973, nitrogen (N), phosphorus (P), 
and sulfur (S) at rates equivalent 
to 200 1b/acre N, 100 1b/acre P, and 
33 1b/acre S were applied to each of 
these plots in the form of ammonium 
sulfate, urea, and triple super 
phosphate .4 


eae is a method for reducing fire hazard 


in slash by mechanical crushing with an implement 
called ''Tomahawk'' mounted on the front of a crawler 
tractor (Dell and Ward 1969). 

The use of trade, firm, or corporation names 
in this publication is for the information and 
convenience of thereader. Such use does not con- 
stitute an official endorsement or approval by the 
U.S. Department of Agriculture of any product or 
service to the exclusion of others which may be 
suitable. 


4triple super phosphate also contains 12 percent 


calcium and 1 percent sulfur. Calcium is not a 
limiting element in this soil. 
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Measurements 


At least 15 trees in each 0.2-acre 
plot were measured in the fall of 
1973 and again in the fall of 1978 with 
optical dendrometers. Trees selected 
for measurement with a dendrometer 
encompassed the range of diameter 
classes. All forked trees were also 
measured with a dendrometer. Heights 
(h) of all trees not measured with 
dendrometers were measured with height 
poles. Diameter tapes were used for 
all d.b.h.'s (d). Volumes and bole 
areas above a 1-foot stump for the 
trees measured with a dendrometer were 
determined by Grosenbaugh's (1967) 

STX program with a modification of one 
of Brickell's (1970) equations to 
convert diameters outside bark to 
diameters inside bark (Cochran 1976). 
Equations relating volume (V) and bole 
area were developed from the nonforked 
trees measured with a dendrometer on 
each plot at the start and also at the 
end of the first 5-year period: 


V=a+b (ach): 


Bole area = a,+ by (dh) ; 


where 


a). De and ay and bj are regression 
coefficients. 


These equations were then used to de- 
termine volumes and bole areas for 
trees on corresponding plots not 
measured with optical dendrometers. 
Basal areas, bole areas, volumes, 
heights, and diameters were computed 
for each plot at the end of the growing 
seasons in 1973 and 1978 (tables 1 and 
2), and differences divided by 5 were 
used for average annual growth rates. 


Statistical Analysis 


Analysis of covariance was used to 
test the hypothesis that fertilization 
did not increase growth. The covariate 
was basal area at the start of the 
5-year growing period. At 5-percent 
level of probability was chosen for 
determining significant differences in 
slopes or adjusted means. 


Table 1--Some estimates for the fertilized and control plots at the start of the study 


Plot Basal Bol ef; Average Average Trees 
number area sen, VOLS height diameter</ per acre 
Square feet Cubic feet 
per acre per acre Feet Inches Number 

Fertilized: 

dill 80.5 10,094.5 1,184.0 39.5 (eo) 22D 
1 78.0 8,744.0 DES PES) 39.4 Sail 180 
18 67.0 WsOle's 958.5 39.0 8.4 170 
10 64.5 (QA SEAL) 102050 41.3 8.6 15)5) 
2 BSnS 6,002.0 (2lisD 34.4 8.0 150 
13 SiO Oy (Seo (QE) 88.5 hes 165 
22 45.8 Soule) © 585 .0 336 (cS 150 
24 45.5 DCO aS 584.5 Sine IL has 150 
1 41.0 4,492.0 492.5 B33 ae 140 
9 39\.5 4 832.0 Su Lils's) 34.2 Teese) 140 
20 29.8 SESS 345.0 32.9 (43 100 
15 26 wll SOL e'5) B2Z055 S045 ffodl 100 
Control: 

al 1925 9,177.0 Oo 5 36.4 7.9 225 
19 79.0 8,792.0 1 ikZo 5 H/ 50) Sue 200 
12 63.0 8,166.0 943.5 42.1 Cae 170 
8 ep OFFS) 6,793.3 859.5 34.8 (s) 170 
2) 60.5 6,148.5 740.0 33.4 8.0 165 
4 54.5 Dr oione 756.0 34.9 8.2 140 
23 54.5 5,847.0 633.0 32e3 ee 180 
7 48.5 6,084.0 678.0 SHES Wine 150 
16 Pale) 4,647.0 509.0 3272 ae 140 
8 3520 4,404.5 449.0 SS\is) Oeil 135 
14 At 0 SSMS) 330n5 30.9 6.8 100 
6 2865 fa oNME SO) 269.5 30.4 625 100 


Vyaiues do not include bole areas and volumes of 1-foot stumps. 


2/ nis diameter is the actual mean diameter and is not the diameter derived from the 


average basal area. 


Table 2--Some estimates for the fertilized and control plots 5-growing seasons 
after the start of the study 


Plot Basal Bole ily/ Average Average Trees 
number area areal/ MOIR ee height diameter</ per acre 
Square feet Cubic feet 
per acre per acre Beer Inches Number 
Fertilized: 
11 106.0 IS} 25) 5) 1,744.0 45.1 9.1 225 
1 95.0 ISIS 0) i OLORO 44.9 9.6 180 
18 90.0 LUO PASO) 1,400.5 44.8 ET 170 
10 85.0 OPS 35 ISSO S, 47.1 9.9 155 
2 80.5 8,475.0 Meee as 41.0 Oi 150 
13 70.0 9,094.0 de AO 43.4 8.8 165 
22 65.0 7,264.5 922.0 SOEs SHAS) 150 
24 63.0 (jZoles 944.0 S13}5'5) 8.6 150 
yf 59.0 618250 (ALO 35x [/ Se ff 140 
9 Neo 5) 6;633-5 880.5 40.0 Ses 140 
20 47.5 5,041.0 663.0 39.4 9.3 100 
5) 46.5 4,540.5 (ol 5) 36.9 9.2 100 
Control: 
al 55) 11,041.0 1538540 40.9 Saif 225 
19 93.0 HO, 3320 1,403.0 40.9 8.9 200 
ie 74.5 9,625.0 1,199.0 46.1 Oru 170 
3 TEs 8,240.0 ES UO 5) 38%5 8.8 170 
5) (a eOseo. 1,008.0 Bh 15 8.9 165 
4 Gifte> 7,059.0 948.0 39.5 9.2 140 
23 69.0 535820 884 .5 35.9 8.2 180 
if 61.0 7,488.0 934.0 40.8 Sa5 150 
16 DO) 6,107.0 Gio 36.4 Sa 5) 140 
8 44.0 5,390.0 61825 33n0 5 135 
14 215)5(0) 3,764.0 477.0 34.4 hes 100 
6 34.0 SOS c5) 411.0 6225 ee: 100 
WV Talues do not include bole areas and volumes of 1-foot stumps. 
2/ 


— This diameter is the actual mean diameter and is not the diameter derived from the 
average basal area. 


RESULTS AND DISCUSSION 


The average and range of correlation 
coefficients (r@) and standard errors 
for the volume and bole area equations 
determined for 20 of the 24 plots were:> 


1974 
Standard error 
r2 f£t3/acre per year 
Volume: 
Average 0.9671 0.46 
Range 0.8885-.9975 0.22-.70 
ft2/acre per year 
Bole area: 
Average OueS Bo) 
Range -9288-.9952 1.1-3.3 
1978 
Standard error 
r2 £t>/acre per year 
Volume: genre a ei peg 
Average 0.9693 0.63 
Range 0.8925-.9936 0.26-1.37 
f£t2/acre per year 
Bole area: 
Average .9795 2.6 
Range .9411-.9941 1.3-4.7 


These high r© values and low standard 
errors indicate that the predictive 
equations for volume and bole area, 
developed from a subsample of 15 trees 
on each plot, were adequate for de- 
termining volumes and bole areas of 
the remaining plot trees. 


As expected, no mortality occurred 
during the 5-year period after initial 
treatment. Fertilization significantly 
increased all determined growth rates, 
including height (figs. 1-4). Adjusted 
means of average annual growth rates 
for the control and fertilization 
treatments were: 


Control Fertilized Increase 


(Percent) 

Volume growth 

(ft3/acre per year) 46.4 80.6 74 
Basal area growth 

(£t2/acre per year) 2.6 4.0 54 
Bole area growth 

(£t2/acre per year) 262.9 429.8 63 
Height 

(£t/year) .74 ih 5 1S 55 


2/Four plots had just 20 trees (100 trees/acre, 
tables 1 and 2). All the trees in these plots 
were measured with dendrometers, and no equations 
were necessary for total volumes and bole areas. 


Average annual height growth ranged 
from 0.4 to 0.9 foot/year for the 
control plots and 1 to 1.3 feet/year 
for the fertilized plots. 

The relationship of height growth to 
stand density during this initial 5-year 
period is not clear (fig. 4). Above 
initial densities of 40 square feet of 
basal area per acre, height growth on 
control plots appears unaffected by 
initial density. At lower densities, 
height growth may have been reduced on 
the control plots. Oliver (1979) 
observed height growth of pole-size 
ponderosa pine in California over a 
15-year period. He found that for the 
first 5-year period after thinning, 
there was no correlation between height 
growth and stand density. During the 
second 5-year period, there was a 
tendency for height growth to be reduced 
by stand density; but the correlation 
was not statistically significant. For 
the third 5-year period after thinning, 
height growth significantly decreased 
with stand basal area. 


The significant increases in growth 
obtained in this study resulted from a 
combination of N, P, and S. Results from 
another study (Cochran 1978) show that 
most of the response is due to nitrogen. 
In that study, S and P in combination 
with N tended to increase volume pro- 
duction; but increases in volume were 
not significant at the 5-percent level 
of probability. Further evidence from 
the earlier study suggests but does 
not conclusively prove that S is more 
important than P (in combination with 
N) for increasing volume production. 

For land managers wishing to fertilize 
thinned ponderosa pine stands on soils 
developing from Mazama pumice or ash, 

I tentatively recommend a single 
application of 200 pounds of elemental 
N and 30 pounds of elemental S per acre. 
This recommendation may change as 
results from continued studies become 
available. Foresters can expect def- 
inite responses to N and S, noticeable 
on increment cores, which will last at 
least 5 years and possibly more than 8. 
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Figure 1.--Average annual volume growth during the 1974-78 growing seasons as 
a function of basal area at the start of 1974. Differences in slopes of the 
regression lines are not significant, but the adjusted mean for the fertilizer 
treatment is significantly greater. 
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Figure 2.--Average annual basal area growth during the 1974-78 growing seasons 
as a function of basal area at the start of 1974. Slopes of the regression 
lines are not significantly different, but the adjusted means are signifi- 
cantly different. 


SQUARE FEET PER ACRE 


FEET 


600 (0) 


FERTILIZED 
y=195.6+4.48x 
r?=0.7984 

Standard error=40.9 

square feet per acre 


500 


400 
CONTROL 
e 94.67+3.06x 
300 r?=0.6399 


Standard error=43.8 
square feet per acre 


200 


100 


(0) 10 20 30 40 50 60 70 80 
INITIAL BASAL AREA (square feet per acre) 


Figure 3.--Average annual bole area growth during the 1974-78 growing seasons 
as a function of basal area at the start of 1974. Slopes of the regression 
lines are not significantly different, but the adjusted means are signifi- 
cantly different. 
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Figure 4.--Average annual height growth during the 1974-78 growing seasons 
as a function of initial basal area at the start of 1974. Adjusted means 
for the fertilized plots are significantly higher. The regression for the 
fertilized plots is not significant. 
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METRIC EQUIVALENTS 


1 square foot/acre = 0.229 568 square meter/hectare 
1 cubic foot/acre = 0.069 972 cubic meter/hectare 
1 pound/acre = 1.121 kilograms/hectare 
1 tree/acre = 2.47 trees/hectare 

1 inch = 2.54 centimeters 
1 mile = 1.61 kilometers 
1 acre = 0.405 hectare 

1 foot = 0.304 8 meter 
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